I.
Introduction Food shortage due to pest infestation has remained a global problem over the last decades. The use of traditional methods in the storage of farm products by farmers who dwell in rural areas has led to wanton wastage of foods especially during the sowing period. This challenge has led to the introduction of pesticides in agriculture to salvage the destruction caused by pests. Pesticides as biologically active chemicals, which are applied on farmlands to control weeds, insects, fungi and other pests [1] . These compounds are toxic to nontarget species including humans [2] . The irrational and excessive use of pesticides play a crucial role in the occurrence of many diseases affecting plants, animals and human [3, 4] . Pesticides have been implicated in various disorders and diseases including cancer, adverse reproductive outcomes, peripheral neuropathies, impaired immune functions and allergic sensitization reactions, particularly of the skin, cumulative inhibition of cholinesterase activity as a result of long-term low doses of exposure [5, 6] . It has been reported that the toxicity of pesticides results in deleterious effects on many organs and systems in human and other mammals, particularly the nervous system [5] , immune system [7] , reproductive system and sexual hormones [8] , liver [1], kidney [6] , pancreas [5] and brain [6] . An alteration in biochemical parameters has been observed in experimental animals upon chronic exposure of pesticides. Included in the list are inhibition of both mammal brain and plasma cholinesterase activities [3] , activity of liver functional enzymes including serum aspartate amino transferase (AST), alanine amino transferase (ALT), alkaline phosphatase (ALP) and lactate dehydrogenase [9, 10] , and increase in renal biochemical such as serum urea, uric acid and creatinine [11] . Also, alterations in histopathology of the liver, kidney and testes have been reported and these include mononuclear cell infiltration, enlargement of the veins and sinusoids, necrotic changes, cytoplasmic vacuolization, degeneration in nuclei of the liver, hepatocellular damage and damage in thyroid, parathyroid and adrenal glands [10, 8] .
Pesticides are applied to grains during growth, post-harvest and storage in order to prevent pest infestation that could damage the crop integrity and affect harvest. One of such chemicals used in the control of insect pests is pirimiphos-methyl otherwise known as Actellics® which belongs to a group of compounds called organophosphates. It is used in the preservation of grains (beans) in Nigeria. The primary toxicity of organophosphate pesticides in acute exposure is cholinergic crisis that results from acetylcholinesterase inhibition [12, 13] . This inhibition increases the availability of acetylcholine which in turn can stimulate cholinergic receptors producing both nicotinic and muscarinic effects in the organism such as muscle contraction and secretion in many glands [14] . Pirimiphos methyl has also been observed to affect proteolytic enzyme activities in rat heart, kidney, brain, and liver tissues [15] . It induces significant inhibition of brain and erythrocytes acetyl cholinesterase, plasma pseudo cholinesterase and non-specific carboxyl esterase of brain, plama and kidney [16] . The widespread use of pirimiphos methyl in agriculture and in public health drew our attention for its possible toxic actions in man and animals. However, the thrust of the present study was to investigate the hepatotoxicity of pirimiphos methyl on male and female wistar rats.
II.
Materials and Methods
Sample Collection and Preparation
Pirimiphos methyl (Actellic) was bought from an Agrochemical Shop in Kaduna Central Market, Kaduna, Nigeria. The different concentrations of Pirimiphos-methyl were prepared. The Pirimiphos powder was measured using an AG and G electronic balance scale and different doses were prepared.
Animals
A total of 25 healthy wistar rats was procured from the laboratory animal unit of the Faculty of Veterinary Medicine, University of Nigeria, Nsukka and transported to the biochemistry laboratory of Abia State University, Uturu, Abia State, Nigeria were used for the study. The wistar rats were kept under normal standard environmental conditions of humidity (35 to 60%), temperature (25 to 28°C) and a 12 h/12 h light/darkness cycle and were fed adlibitum with standard feed and allowed free access to water. The wistar rats were allowed to acclimatize to laboratory conditions for two weeks before the commencement of the study. The wistar rats were handled in accordance with University ethical committee on animal handling.
Acute toxicity test using Lorkes method [17].
The wista rrats were randomly divided into three groups of 3 animals per group. Graded oral doses of pirimiphos-methyl (10, 100, 1000 mg/kg) were separately administered to the rats in each group in the first phase and 1600, 2900 and 5000mg/kg used for the second phase. The control group was given distilled water. All the rats were allowed free access to food and water and were observed for a period of 24 h post-treatment for behavioural changes, signs of toxicity, and mortality.
Sub-Acute toxicity study
The albino rats were randomly divided into four groups of 5 rats per group. The rats were orally administered pirimiphos-methyl at doses of 10, 20, and 40 mg/kg daily for 14 days. The control group was given distilled water daily. The rats were weighed daily throughout the course of the experiment.
Collection of blood and organ samples
Fourteen days after daily administration of pirimiphos-methyl, the animals were fasted overnight, anaesthetized with chloroform and sacrificed. Blood samples were collected through cardiac puncture with the help of syringe and needle and dispensed into unheparinized containers for blood chemistry test and the liver carefully removed and kept in 10% formalin for histopathological studies.
Procedures used for serum chemistry analysis
Liver enzymes; alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) and total protein were spectrophotometrically determined using standard for the kits of Randox Laboratory Ltd, Co. Antrim, United Kingdom. The manufacturer's instructions for the entire biochemical test were strictly adhered to.
Histopathological studies
The liver was removed carefully and fixed in 10% formalin saline in labelled sample bottles after sacrificing the rats. The tissues were processed routinely and embedded in paraffin wax. Sections of 5μm thickness were cut and stained with haematoxylin and eosin.
Statistical analysis
Results were expressed as mean ± SD (standard deviation). Statistical analysis was performed by Oneway analysis of variance (ANOVA) with the GraphPath Prism® Statistic software package, version 7.01. One- 
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III. Results
The result of the effect of pirimiphos methyl on the body weight of wistar rats post 14 days administration is presented in Table 1 . The result revealed that the administration of pirimiphos methyl increased significantly the body weights of the rats in all the groups represented. The increase was in a dose dependent manner. The result of acute oral toxicity (LD 50 ) in rats showed that doses of pirimiphos methyl as high as 2,900mg/kg body weight did cause behavioural change and 1/3 mortality in the animals administered pirimiphos methyl ( Table 2 ). The calculated LD 50 was found to be 2154mg/kg respectively. The result of the effect of pirimiphos-methyl on total protein and liver enzymes of wistar rats is presented in Table 3 .The result revealed that the oral administration of pirimiphos-methyl increased the serum concentration of Aspartate amino Transferase (AST). Groups 1 (10mg/kg) and Group 2 (20mg/kg) had the highest value of 33.67±0.58 and 33.67±0.88 respectively while the normal control group recorded a lower value of 26.00±1.00. This revealed that there was a significant increase (p<0.05) in the serum concentration of AST between the control and the test groups.Theresult showed that the oral administration of pirimiphos-methyl increased the concentration of Alanine amino Transferase (ALT) from 65.00±1.00 (Control) to 85.00±1.00 (Group 1). There was a fall in the serum concentration of ALT at higher dose (Group 2). The relative increase in the concentration of ALT was not statistically significant (p<0.05).The result also indicated that the oral administration of pirimiphos-methyl led to the rise in the serum concentration of Alkaline Phosphatase (ALP). The recorded value of ALP for the different groups were as follows: 72.24±0.55 (control), 85.83±0.18 (Group 1), 82.86±0.19 (Group 2) and 85.76±0.09 (Group 3). This implies that there was a significant increase (p<0.05) in the serum concentration of ALP between the control and the test groups. The result further revealed that the administration of pirimiphos-methyl slightly altered the serum level of total protein from 5.27±0.07 (control) to 6.94±0.06 (Group 3). The increase in the serum concentration of total protein was statistically significant (p<0.05) between the high and higher doses of pirimiphos-methyl. The histopathological examination of the liver (Fig. 1) of the wistar rats in all the treated doses of pirimiphos-methyl revealed alteration in the liver architecture, and this ranged from mild portal inflammation,
IV. Discussion
The irrational and excessive use of pesticides to preserve and increase the shelf-life of agricultural products has posed a lot of environmental hazards to plants, animals and human. Pesticides over the years have been greatly implicated in various disorders and diseases including cancer, peripheral neuropathies, impaired immune functions and allergic sensitization reactions, particularly of the skin, as a result of long-term low doses of exposure [5, 6] . Owing to the toxicity of these pesticides, especially pirimiphos-methyl to non-target organism (human), the present study was aimed at investigating the hepatotoxicity of pirimiphos-methyl on male and female wistar rats. The result showed that the administration of pirimiphos-methyl caused a significant increase in the body weights due to the increased feed consumption of the experimental animals. Hypothalamus participates in the control of appetite as the lateral nuclei serve as the feeding centre which when stimulated causes hyperphagia [18] . This hyperphagia may be related to the effects of the active principle (PM) on the central structures involved in the control of feed intake. Reports have linked hyperphagia with lesions of the ventromedian nucleus of the hypothalamus. It could then be suggested that PM may have stimulated this centre thus increasing the feed intake and consequently the body weight gain observed in the work [19, 20, 21] . The result of the acute toxicity study showed mortality at highest dose of up to 2900mg/kg indicating that the LD 50 of pirimiphos methyl is 2154mg/kg. This shows that pirimiphos methyl is not safe for oral usage and according to Organization for Economic Cooperative and Development (OECD) standard for ranking toxic substances [22] , any substance whose LD 50 is greater than 500mg/kg and less than 5000mg/kg can be ranked under category 4 of the OECD guidelines for acute toxicity and can be said to be slightly toxic if swallowed [23] .
The liver is regarded as the central hub of metabolism. It is a principal organ in the metabolism of carbohydrate, lipid and protein. Alteration in the architecture of the liver cells could result in the release of certain indicator enzymes in the body. The liver functional transaminases (AST and ALT) and alkaline phosphatase (ALP) enzyme activity in serum are most frequently measured for diagnosis of liver diseases particularly infective hepatitis, alcoholic cirrhosis, biliary obstruction and hepatocarcinoma [3, 24] . It has been reported that the normal levels of the former liver functional enzymes activity are up to 37 IU/L for AST, 41 IU/L for ALT and 68-400IU/L for ALP in healthy individual rat sera [25, 26] . The results of the biochemical analysis showed that the oral administration of pirimiphos methyl cause an exceptional rise only in alanine amino transferase in the serum of treated experimental rats (Table 3) . The slight increase in the levels of the liver marker enzymes (AST, ALT and ALP) following oral administration of pirimiphos methyl may have resulted from the leakage of these enzymes into the circulation, which may be attributed to damage in the structural integrity of the liver [27] especially ALT which is specifically found more in the liver. Plasma levels of ALT and AST have been shown to be important parameters in the diagnosis of liver damage [28, 29] . The result shows that there was significant increase (p<0.05) in the serum concentration of aspartate amino transferase (AST) between the control and the test groups. This increase was statistically significant (p<0.05) at 10mg/kg of pirimiphos methyl. This implies that the exposure of the experimental rats to pirimiphos methyl may have resulted in damage to the hepatocytes (liver cells).
The result also reveals that the post administration of pirimiphos methyl on the experimental animals led to a significant increase in the serum concentration of ALT. This increase was notsignificant in a dose dependent manner. Animals that received 10mg/kg of the pirimiphos methyl had the highest level of ALT. This implies that the pesticide, pirimiphos methyl is hepatotoxic at lower doses. ALT is mostly used as a specific indicator of hepatic injury that represents a marker of hepatocellular necrosis [30] . This high level of ALT activity shows that the cells of the liver may have been inflamed or undergone cell death. As the cells are damaged, the ALT leaks into the blood stream leading to a rise in serum levels. In another study, it was reported that treatment with dimethoate at 75mg/kg for 28 days caused significant increase in activity of AST and ALT [31] .
The activity of Alkaline phosphatase increased significantly (p<0.05) post administration of the pirimiphos-methyl dose when compared with the control group. The experimental animals that were given the high dose of 10mg/kg body weight recorded the highest value with mean and standard deviation of 85.83±0.18 IU/L.Plasma alkaline phosphatase is known to increase as a result of biliary obstruction as seen in cholestatic disease of the liver. These findings are in line with the earlier work of a researcher who reported that the activity levels of GOT and GPT were significantly increased by carbonfuran pesticides for 16 days [32] . In another study, it was also observed that 300 and 600mg/kg per day carbendazim affected the liver parameters [33] . The significant increase in the liver enzymes: ALT, AST and ALP is in agreement with findings of several studies that reported the deterioration of liver enzymes as a result of exposure to pesticides [34, 35] .
The result further revealed that the administration of pirimiphos-methyl slightly altered the serum level of total protein. The concentration of this biochemical parameter was highest in group 3 and lowest in the control with means and standard deviations of 6.94±0.06 and 5.27±0.07 respectively. The significant increase in the total protein may be indicative of reduced catabolism in the liver.The hispathological examination result in this study demonstrated that the 14-day post administration of pirimiphos-methyl at highest dose of 40mg/kg body weight resulted in distortion of liver architecture (Fig.1) . The result showed that the portal triads were unevenly spaced around a central vein and there were moderate portal inflammation, severe ductular proliferation and severe fibrosis with formation of incomplete nodules and transition to cirrhosis. The findings implies that the injection of pirimiphos-methyl is toxic to target and non-target organisms. These findings are in agreement with the work of Selmanoglu and Akay [36] who reported similar histopathological changes including mononuclear cell infiltration, congestion, hydropic degeneration and hepatocellular damage in the liver of male rats treated with dimethoate, endosulfan and carbaryl.
V. Conclusion
The result of the current study indicated that pirimiphos-methyl induced some biochemical and histopathological changes in the liver of exposed wistar rats. According to these results, it is suggested that systemic pesticides exposure might cause hazardous effects; especially at high doses to non-target organisms, including humans. However, precautionary measures should be put in place during field application to circumvent possible adverse effects on consumers, who are increasingly being exposed to contamination from food and drinking water.
